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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a stable SET on a negative electrode surface, reduce 
irreversible capacity, and improve a cycle characteristic by performing first time charge at least under 
one condition among charge in a cooling atmosphere and low electric current charge, and forming an 
SEI coating film having specific capacitance on the negative electrode surface. 

SOLUTION: When a charging time temperature is lowered from the relationship between the charging 
time temperature and irreversible capacity, the irreversible capacity can be reduced. Therefore, it is 
effective to perform first time charge in a cooling atmosphere, that is, at a low temperature not more 
than 20°C or perform charge by a low electric current not more than 1 C. The irreversible capacity 
sharply reduces when capacitance by an SET is not more than 0.4 mF/cm2 from the relationship 
between the capacitance of the SET and the irreversible capacity. Then, an SEI coating film having 
capacitance not more than 0.4 mF/cm2 is formed on a nagative electrode surface, a quantity of the SET 
formed on the negative electrode surface reduces, and the irreversible capacity is reduced, and since the 
generating SET is stable, a cycle characteristic can also be improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the lithium ion rechargeable battery characterized by performing 
first time charge on condition that either [ at least ] charge in cooling atmosphere, or the low-current 
charge below 1C, and forming a two or less electrostatic-capacity 0.4 mF/cm SEI coat in a negative- 
electrode front face. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement of the 

manufacture method of a lithium ion rechargeable battery. 

[0002] 

[Description of the Prior Art] SEI (Solid Electrolyte Interface) is usually formed in the negative- 
electrode front face of a lithium ion rechargeable battery. This SEI is formed in a negative-electrode 
front face mainly at the time of the 1st charge, this SEI — Li20 and Li2 — since it is lithium compounds, 
such as C03 and LiF, the lithium ion consumed here cannot be contributed to charge capacity, but a 
difference with the irreversible capacity at the time of first time charge, i.e., charge capacity, and service 
capacity will increase This irreversible capacity becomes so large that there are many amounts of 
formation of SEI. For this reason, as for the amount of SEI formed in a negative-electrode front face, 
lessening if possible is desirable. 

[0003] The relation between the number of times of charge and discharge when repeating charge and 
discharge in 20 degrees C by the constant current of a charge and discharge current (1/3) C and 
irreversible capacity is shown in drawing 5 . As shown in drawing 5 , it has become high [ the time of 
the 1st charge and discharge ] most [ irreversible capacity ]. This is because there are most amounts of 
SEI formed in a negative-electrode front face at the time of the 1st charge as mentioned above. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the manufacture method of the conventional 
lithium ion rechargeable battery, 1st charge is performed at the room temperature (20-25 degrees C). 
Moreover, in order to shorten the first-time charging time, the charging current is also performed in 
many cases by about C(l/3) -1C. 1C expresses the made current value as a full charge in 1 hour rate, i.e., 
1 hour, here, and C (1/3) expresses the current value which can carry out a full charge in 1/3 hour rate, 
i.e., 3 hours in 1/hours. Thus, SEI formed will become porous, while the amount of SEI formed in a 
negative-electrode front face increases, when the high current value more than 1C moreover performs 
first time charge in ordinary temperature. For this reason, SEI was formed also at the time of charge of 
the 2nd henceforth, and there was a problem that the irreversible capacity of the 2nd henceforth 
increased. Moreover, the thickness of SEI became thick and the problem that the electric resistance of a 
negative electrode increased also had it. Furthermore, in SEI formed in a negative-electrode front face 
when it moreover charges by high current value in ordinary temperature, the lithium in the SEI also 
discharges during electric discharge of a rechargeable battery, SEI is decomposed, and stable SEI cannot 
be obtained. For this reason, SEI was formed in the negative-electrode front face at the degree of charge, 
and there was also a problem that a cycle property fell. 

[0005] this invention is made in view of the above-mentioned conventional technical problem, and the 
purpose is in offering the manufacture method of the lithium ion rechargeable battery which can form 
stable SEI in a negative-electrode front face, can reduce irreversible capacity, and can aim at 
improvement in a cycle property. 
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[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
performs first time charge on condition that either [ at least ] charge in cooling atmosphere, or the low- 
current charge below 1C, and is characterized by forming a two or less electrostatic-capacity 0.4 mF/cm 
SEI coat in a negative-electrode front face. 
[0007] 

[Embodiments of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of operation of 
this invention is explained. 

[0008] This invention persons made stable SEI produced at this time, and in order to reduce SEI formed 
in a negative-electrode front face after a two-cycle eye, they advanced examination, while they reduced 
the amount of SEI formed in a negative-electrode front face at the time of first time charge. 
Consequently, first time charge was carried out, the cooled atmosphere, i.e., the low temperature, or it 
found out that it was effective to charge by the low current below 1C. 

[0009] The lithium ion rechargeable batteries used for the above-mentioned examination are as follows. 
Natural graphite :P Using NMP as the mixture of VDF=9:1, and a solvent, after creating a paste by 
these, application dryness of this paste was carried out on copper foil, and the negative-electrode 
electrode of 8 mg/cm2 was obtained. After combining this negative-electrode electrode with the lithium 
foil which is a counter electrode through separator, it dipped in the electrolytic solution of 
PC:EC:DEC=2:3:5 containing 1 mol/l-LiBF4, and the charge-and-discharge property of a negative 
electrode was investigated. 

[0010] The relation between the temperature at the time of charge and irreversible capacity is shown in 
drawing 1 . In drawing 1 , after making a charge and discharge current into the fixed current of C (1/3) 
and performing two-cycle charge and discharge for every temperature, the sum total of the irreversible 
capacity when carrying out 3 cycle charge and discharge as 20 more degrees C is shown in the vertical 
axis. Drawing 1 shows that irreversible capacity can be reduced, when the temperature at the time of 
charge is reduced. 

[001 1] The relation between the size of the charging current and irreversible capacity is shown in 
drawing 2 . In drawing 2 , temperature at the time of charge is made into 20 degrees C, and is begun, the 
charging current of a two cycle is changed, and the sum total of the irreversible capacity when carrying 
out the charge and discharge of the 3 cycle with the fixed current of C (1/3) after that is shown in the 
vertical axis. As drawing 2 shows, it turns out that it begins and irreversible capacity is decreasing [ the 
value of the charging current of a two cycle / the method of a low ]. It turns out that it is more desirable 
than the result of drawing 2 as the first-time charging current to charge by the low current below 1C. 
[0012] Next, the temperature conditions at the time of first time charge were examined still in detail. 
The relation between the temperature conditions of first time charge and the electrostatic capacity of SEI 
formed in the negative electrode is shown in drawing 3 . It is thought that the electrostatic capacity also 
rises, so that there are many SEIs formed in a negative-electrode front face. This electrostatic capacity 
performed impedance measurement and asked for it by the Cole-Cole-plot method. 
[0013] Moreover, the relation of the electrostatic capacity of SEI and irreversible capacity which were 
mentioned above is shown in drawing 4 . When the electrostatic capacity by SEI is two or less 0.4 
mF/cm so that drawing 4 may show, it turns out that irreversible capacity falls greatly. Drawing 3 shows 
that it is the electrostatic capacity of SEI produced when the electrostatic capacity of these 0.4 mF/cm2 
makes temperature at the time of first time charge 20 degrees C. As mentioned above, it is desirable to 
perform first time charge in cooling atmosphere 20 degrees C or less. 

[0014] in order to check the effect in the case of performing first time charge at low temperature, the 
charging current was set to C (1/3) at the temperature which is -20 degrees C, and the discharge current 
also performed two-cycle charge and discharge as C (1/3) The irreversible capacity of 3 cycle ****** 
case became 42 mAh/g about the charge and discharge of C (1/3) at 20 more degrees C after this, and 
the fall of irreversible capacity was checked. Moreover, the lithium ion rechargeable battery which 
performed initial charge by the charging current of 20 degrees C and C (1/3) in order to investigate the 
stability of SEI formed in a negative-electrode front face, - Use Lithium Ion Rechargeable Battery 
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Concerning the Manufacture Method of this Invention of Having Made 3 Cycle Charge and Discharge 
Performing by Charge and Discharge Current of C (1/3) in Temperature of 20 Degrees C after 
Performing Two-Cycle Charge and Discharge by Charging Current of 20 Degrees C and C (1/3). These 
two kinds of lithium ion rechargeable batteries were left in the state of electric discharge for five days. 
Then, the charge and discharge of C (1/3) were again performed at 20 degrees C, and the irreversible 
capacity of 3 cycle sum total was measured. About what was manufactured by the manufacture method 
which starts this invention to irreversible capacity having been 16 mAh/g in the conventional example 
which performed first time charge by the charging current of C (1/3) with the temperature of the above- 
mentioned 20 degrees C as a result, it became 8 mAh/g. Thus, it turns out that it thinks because SEI in 
which the direction of the lithium ion rechargeable battery manufactured by the manufacture method 
concerning this invention was stabilized by that irreversible capacity falls is generating, and 
improvement in a cycle property can be aimed at. 

[0015] When manufacturing a lithium ion rechargeable battery as above, charging the first time by the 
low current below cooling atmosphere 20 degrees C or less or 1C was able to find out that it was 
effective in reduction of the amount of SEI formed in a negative-electrode front face, and stabilization of 
SEI to produce. 
[0016] 

[Effect of the Invention] Since SEI to produce is stable while according to this invention the amount of 
SEI formed in a negative-electrode front face can decrease and being able to decrease irreversible 
capacity, as explained above, improvement in a cycle property can also be aimed at. 



[Translation done.] 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to improvement of the 
manufacture method of a lithium ion rechargeable battery. 
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PRIOR ART 



[Description of the Prior Art] SEI (Solid Electrolyte Interface) is usually formed in the negative- 
electrode front face of a lithium ion rechargeable battery. This SEI is formed in a negative-electrode 
front face mainly at the time of the 1st charge, this SEI — Li20 and Li2 — since it is lithium compounds, 
such as C03 and LiF, the lithium ion consumed here cannot be contributed to charge capacity, but a 
difference with the irreversible capacity at the time of first time charge, i.e., charge capacity, and service 
capacity will increase This irreversible capacity becomes so large that there are many amounts of 
formation of SEI. For this reason, as for the amount of SEI formed in a negative-electrode front face, 
lessening if possible is desirable. 

[0003] The relation between the number of times of charge and discharge when repeating charge and 
discharge in 20 degrees C by the constant current of a charge and discharge current (1/3) C and 
irreversible capacity is shown in drawing 5 . As shown in drawing 5 , it has become high [ the time of 
the 1st charge and discharge ] most [ irreversible capacity ]. This is because there are most amounts of 
SEI formed in a negative-electrode front face at the time of the lstcharge as mentioned above. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since SEI to produce is stable while according to this invention the amount of 
SEI formed in a negative-electrode front face can decrease and being able to decrease irreversible 
capacity, as explained above, improvement in a cycle property can also be aimed at. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the manufacture method of the conventional 
lithium ion rechargeable battery, 1st charge is performed at the room temperature (20-25 degrees C). 
Moreover, in order to shorten the first-time charging time, the charging current is also performed in 
many cases by about C(l/3) -1C. 1C expresses the made current value as a full charge in 1 hour rate, i.e., 
1 hour, here, and C (1/3) expresses the current value which can carry out a full charge in 1/3 hour rate, 
i.e., 3 hours in 1/hours. Thus, SEI formed will become porous, while the amount of SEI formed in a 
negative-electrode front face increases, when the high current value more than 1C moreover performs 
first time charge in ordinary temperature. For this reason, SEI was formed also at the time of charge of 
the 2nd henceforth, and there was a problem that the irreversible capacity of the 2nd henceforth 
increased. Moreover, the thickness of SEI became thick and the problem that the electric resistance of a 
negative electrode increased also had it. Furthermore, in SEI formed in a negative-electrode front face 
when it moreover charges by high current value in ordinary temperature, the lithium in the SEI also 
discharges during electric discharge of a rechargeable battery, SETis decomposed, and stable SEI cannot 
be obtained. For this reason, SEI was formed in the negative-electrode front face at the degree of charge, 
and there was also a problem that a cycle property fell. 

[0005] this invention is made in view of the above-mentioned conventional technical problem, and the 
purpose is in offering the manufacture method of the lithium ion rechargeable battery which can form 
stable SEI in a negative-electrode front face, can reduce irreversible capacity, and can aim at 
improvement in a cycle property. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
performs first time charge on condition that either [ at least ] charge in cooling atmosphere, or the low- 
current charge below 1C, and is characterized by forming a two or less electrostatic-capacity 0.4 mF/cm 
SEI coat in a negative-electrode front face. 
[0007] 

[Embodiments of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of operation of 
this invention is explained. 

[0008] This invention persons made stable SEI produced at this time, and in order to reduce SEI formed 
in a negative-electrode front face after a two-cycle eye, they advanced examination, while they reduced 
the amount of SEI formed in a negative-electrode front face at the time of first time charge. 
Consequently, first time charge was carried out, the cooled atmosphere, i.e., the low temperature, or it 
found out that it was effective to charge by the low current below 1C. 

[0009] The lithium ion rechargeable batteries used for the above-mentioned examination are as follows. 
Natural graphite :P Using NMP as the mixture of VDF=9:1, and a solvent, after creating a paste by 
these, application dryness of this paste was carried out on copper foil, and the negative-electrode 
electrode of 8 mg/cm2 was obtained. After combining this negative-electrode electrode with the lithium 
foil which is a counter electrode through separator, it dipped in the electrolytic solution of 
PC:EC:DEC=2:3:5 containing 1 mol/l-LiBF4, and the charge-and-discharge property of a negative 
electrode was investigated. 

[0010] The relation between the temperature at the time of charge and irreversible capacity is shown in 
drawing 1 . In drawing 1 , after making a charge and discharge current into the fixed current of C (1/3) 
and performing two-cycle charge and discharge for every temperature, the sum total of the irreversible 
capacity when carrying out 3 cycle charge and discharge as 20 more degrees C is shown in the vertical 
axis. Drawing I shows that irreversible capacity can be reduced, when the temperature at the time of 
charge is reduced. 

[001 1] The relation between the size of the charging current and irreversible capacity is shown in 
drawing 2 . In drawing 2 , temperature at the time of charge is made into 20 degrees C, and is begun, the 
charging current of a two cycle is changed, and the sum total of the irreversible capacity when carrying 
out the charge and discharge of the 3 cycle with the fixed current of C (1/3) after that is shown in the 
vertical axis. As drawing 2 shows, it turns out that it begins and irreversible capacity is decreasing [ the 
value of the charging current of a two cycle / the method of a low ]. It turns out that it is more desirable 
than the result of drawing 2 as the first-time charging current to charge by the low current below 1C. 
[0012] Next, the temperature conditions at the time of first time charge were examined still in detail. 
The relation between the temperature conditions of first time charge and the electrostatic capacity of SEI 
formed in the negative electrode is shown in drawing 3 . It is thought that the electrostatic capacity also 
rises, so that there are many SEIs formed in a negative-electrode front face. This electrostatic capacity 
performed impedance measurement and asked for it by the Cole-Cole-plot method. 
[0013] Moreover, the relation of the electrostatic capacity of SEI and irreversible capacity which were 
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mentioned above is shown in drawing 4 . When the electrostatic capacity by SEI is two or less 0.4 
mF/cm so that drawing 4 may show, it turns out that irreversible capacity falls greatly. Drawing 3 shows 
that it is the electrostatic capacity of SEI produced when the electrostatic capacity of these 0.4 mF/cm2 
makes temperature at the time of first time charge 20 degrees C. As mentioned above, it is desirable to 
perform first time charge in cooling atmosphere 20 degrees C or less. 

[0014] in order to check the effect in the case of performing first time charge at low temperature, the 
charging current was set to C (1/3) at the temperature which is -20 degrees C, and the discharge current 
also performed two-cycle charge and discharge as C (1/3) The irreversible capacity of 3 cycle ****** 
case became 42 mAh/g about the charge and discharge of C (1/3) at 20 more degrees C after this, and 
the fall of irreversible capacity was checked. Moreover, the lithium ion rechargeable battery which 
performed initial charge by the charging current of 20 degrees C and C (1/3) in order to investigate the 
stability of SEI formed in a negative-electrode front face, - Use Lithium Ion Rechargeable Battery 
Concerning the Manufacture Method of this Invention of Having Made 3 Cycle Charge and Discharge 
Performing by Charge and Discharge Current of C (1/3) in Temperature of 20 Degrees C after 
Performing Two-Cycle Charge and Discharge by Charging Current of 20 Degrees C and C (1/3). These 
two kinds of lithium ion rechargeable batteries were left in the state of electric discharge for five days. 
Then, the charge and discharge of C (1/3) were again performed at 20 degrees C, and the irreversible 
capacity of 3 cycle sum total was measured. About what was manufactured by the manufacture method 
which starts this invention to irreversible capacity having been 16 mAh/g in the conventional example 
which performed first time charge by the charging current of C (1/3) with the temperature of the above- 
mentioned 20 degrees C as a result, it became 8 mAh/g. Thus, it turns out that it thinks because SEI in 
which the direction of the lithium ion rechargeable battery manufactured by the manufacture method 
concerning this invention was stabilized by that irreversible capacity falls is generating, and 
improvement in a cycle property can be aimed at. 

[0015] When manufacturing a lithium ion rechargeable battery as above, charging the first time by the 
low current below cooling atmosphere 20 degrees C or less or 1C was able to find out that it was 
effective in reduction of the amount of SEI formed in a negative-electrode front face, and stabilization of 
SEI to produce. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the relation between the temperature at the time of first time charge, 
and irreversible capacity. 

[Drawing 2] It is drawing showing the relation between the charging current at the time of first time 
charge, and irreversible capacity. 

[Drawing 3] It is drawing showing the relation between the temperature at the time of first time charge, 
and the electrostatic capacity of SEI generated in that case. 

[Drawing 4] It is drawing showing the relation between the electrostatic capacity of SEI, and irreversible 
capacity. 

[Drawing 5] It is drawing showing the relation of the number of times of charge and discharge and 
irreversible capacity in a lithium ion rechargeable battery. 
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